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(54) Method of controlling electric motor torque in an electric vehicle 



(57) A method of controlling electric motor torque in 
an electric vehicle for improved vehicle performance 
and energy conservation includes receiving a throttle 
torque request and a brake torque request, and sensing 
the speed of the vehicle. The brake torque request is 



split into a creep cancellation component and a brake 
regenerative component. The throttle torque request is 
adjusted based upon the creep cancellation component 
and the brake regenerative component to produce a 
torque sum. The electric motor torque is then controlled 
based upon the torque sum. 
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Description 

[0001] The present invention relates to a method of 
controlling electric motor torque in an electric vehicle, 
and more particularly to a method of using the brake sig- 5 
nal on an electric vehicle powertrain to provide both re- 
generative, or negative, braking torque at relatively 
higher speeds and creep forward torque cancellation at 
relatively lower speeds. 

[0002] On a typical internal combustion engine vehi- 
cle, a significant amount of energy is wasted as the en- 
gine generates creep torque when the brakes are ap- 
plied in the 0 to 6 mph range, and a significant amount 
of kinetic energy is lost in higher vehicle speed ranges 
when the brake is applied but the engine continues to 
burn fuel. However, on an electric vehicle, where energy 
conservation is extremely important to maximise vehicle 
driving range, it is highly desirable to provide a method 
of controlling electric motor torque in the vehicle to im- 
prove vehicle performance and energy conservation, 
particularly in the creep torque range and high speed 
braking range. 

[0003] For purposes of this disclosure, it is important 
to understand electric vehicle related terminology. 
"Brake regen" is a term referring to the creation of re- 
generative torque, as a function of the brake signal in- 
put, which opposes the direction of vehicle travel, caus- 
ing the motor to produce a regenerative current into the 
electric vehicle battery. The torque produced aids the 
mechanical brakes in reducing the vehicle speed. In oth- 
er words, when the brakes are applied at a high vehicle 
speed, the negative torque generates a current to the 
battery which recharges the battery and assists in slow- 
ing the vehicle by slowing the motor. 
[0004] "Compression regen" is a term which refers to 
the creation of regenerative torque, as a function of ve- 
hicle speed and accelerator pedal position, which op- 
poses the direction of vehicle travel, causing the motor 
to produce a regenerative current into the electric vehi- 
cle battery. The amount of torque produced is set to em- 
ulate the engine compression drag feel of an internal 
combustion engine vehicle. 

[0005] "Creep torque" is a term which refers to the cre- 
ation of motor torque under zero accelerator depression 
which causes the vehicle to move forward when the ve- 
hicle is at lower speeds, typically between 0 to 6 mph. 
The amount of torque produced is set to emulate the 
creep forward driving feel of an internal combustion en- 
gine vehicle. 

[0006] Accordingly, it is desirable to provide a method 
of controlling electric motor torque in an electric vehicle 
in which both regenerative (negative) torque is pro- 
duced at higher speeds during braking and "creep" (for- 
ward) torque cancellation is provided at lower speeds. 
[0007] The present invention provides a method of 
controlling electric motor torque in an electric vehicle for 
improved vehicle performance and energy conserva- 
tion, which includes receiving a throttle torque request 



and a brake torque request, and sensing the speed of 
the vehicle. The brake torque request is split into a creep 
cancellation component and a brake regenerative com- 
ponent. The throttle torque request is then adjusted 
based upon the creep cancellation component and the 
brake regenerative component to produce a torque 
sum. The electric motor torque is then controlled based 
upon the torque sum. 

[0008] The method embodying the present invention 
achieves both brake regen and creep cancellation by 
using brake pedal input to command the motor to pro- 
duce regenerative torque at higher speeds to recover 
the vehicle's kinetic energy, and to reduce the amount 
of vehicle "creep" torque, while in the creep torque 
speed range, in order to reduce the amount of wasted 
energy. The method also smoothly but quickly stops 
creep cancellation if cancelling creep torque causes the 
vehicle to roll backward on an uphill incline. 
[0009] Preferably, the step of splitting the brake 
torque request includes multiplying the brake torque re- 
quest by a splitting factor generated by a splitter map 
based upon vehicle speed, thereby producing the brake 
regenerative component. The absolute value of the 
brake regenerative component is subtracted from the 
brake torque request to produce a first creep cancel sig- 
nal. The first creep cancel signal is multiplied by a gain 
factor to produce a second creep cancel signal. The 
creep torque portion of a throttle torque command is de- 
termined, and the lesser of the creep torque portion and 
the second creep cancel signal is selected to produce 
the creep cancellation component, thereby assuring 
that the creep cancellation component only cancels 
creep torque. The brake signal on an electric vehicle 
powertrain provides both regenerative, or negative, 
braking torque at relatively higher speeds and creep for- 
ward torque cancellation at relatively lower speeds. 
[0010] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 

Figure 1 shows a throttle torque request map in ac- 
cordance with the present invention; and 
Figure 2 shows a flow diagram of a method of using 
the electric motor torque for both brake regen and 
creep cancellation in accordance with the present 
invention. 

[001 1 ] The present invention provides a method of us- 
ing brake pedal input to command the electric motor of 
an electric vehicle to produce regenerative torque at 
higher speeds to recover the vehicle's kinetic energy, 
and to reduce the amount of vehicle creep torque, while 
in the creep torque speed range, in order to reduce the 
amount of wasted energy. The control system smoothly 
determines whether the brake pedal input should be 
used for either of the two purposes stated, and if so, 
smoothly sums together the brake torque request with 
the throttle torque request. 
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[0012] It is important to understand various vehicle 
scenarios to aid in determining how the brake should 
modify the overall motor torque request. A throttle 
torque request map is shown in Figure 1 . Over the entire 
vehicle speed range, both a zero throttle curve A and a 5 
wide open throttle curve B are shown. The horizontal 
axis is vehicle speed (V mph ) and the vertical axis is a 
current (l q ), which is representative of torque. The throt- 
tle position, determined by the driver of the vehicle, is 
used to interpolate between the zero throttle curve A and 
the wide open throttle curve B to determine the throttle 
torque request. Note that in Figure 1 there is a creep 
speed region between the point at which the zero throttle 
curve A crosses the vertical and horizontal axes, a regen 
speed region to the right of the point at which the zero 
throttle curve A crosses the horizontal axis, and a neg- 
ative speed region to the left of the vertical axis. These 
regions, and the throttle torque request, are referred to 
in the following descriptions: 

A. Creep Speed Region 

[001 3] The creep speed region is the region between 
approximately 0 and 6 mph. This region appears in Fig- 
ure 1 between the points at which the zero throttle curve 
A crosses the vertical and horizontal axes. When in this 
speed region, we do not want the brake torque to create 
an overall negative, or regenerative, torque request. We 
only want the brake to cancel the creep portion of the 
throttle torque request. In the event both brake and throt- 
tle are being depressed, we again only want the brake 
torque to cancel the creep portion of the throttle request; 
we do not want the brake torque to completely override 
the throttle torque request. As the amount of creep 
torque changes, the amount of brake torque used to 
cancel this creep torque must also change. 

B. Regen Speed Region 

[0014] The regen speed region is shown in Figure 1 
to the right of the point at which the zero throttle curve 
A crosses the horizontal axis. As the speed of the vehi- 
cle increases away from the creep speed region and into 
the regen speed region, we are no longer interested in 
using the brake to cancel the creep torque (there is no 
creep torque, but there may be compression regen 
torque). We now want the brake pedal to contribute 
brake regenerative current, or negative torque, to the 
overall torque request. A smooth method is described 
herein to bring in, or out, this additional brake regen 
torque. 

C. Negative Speed Region 

[0015] Referring to Figure 1, the negative speed re- 
gion occurs to the left of the vertical axis. As stated 
above, in the creep speed region, the brake torque is 
used to cancel the creep torque. If a vehicle is on an 



upward slope, cancelling the creep torque may cause 
the vehicle to begin to roll backward. A method is pro- 
vided herein to sense this situation and recover by not 
causing the brake torque to cancel the creep torque, 
helping to stop the vehicle from rolling backward. The 
control system smoothly transitions from cancelling 
creep to not cancelling creep. If the vehicle continues 
rolling backward (on a steep hill), or was at a negative 
speed intentionally, depressing the brake should cause 
the brake torque to be applied in the forward direction, 
further assisting the mechanical brakes to stop the ve- 
hicle from rolling backward. 

[0016] In addition, if the vehicle is on an upward slop- 
ing hill at zero speed with both the brake and throttle 
depressed, there should be a positive torque at the 
wheel shaft. Again, the brake torque should not com- 
pletely cancel the throttle torque. Therefore, when the 
brake pedal is released, causing the mechanical brakes 
to release, the vehicle will begin to move forward due to 
the positive torque at the wheel shaft. If the control sys- 
tem was designed to have the brake torque completely 
cancel the throttle torque, in the same scenario, releas- 
ing the brake would cause the vehicle to roll backward 
for a short period of time (the time in which the mechan- 
ical brakes released and the positive torque begins to 
ramp up) before accelerating forward. 
[0017] The method of using the electric motor torque 
for both brake regen and creep cancellation are de- 
scribed using the block diagram shown in Figure 2. The 
inputs to this block diagram are: a) V mph - the vehicle 
speed in miles per hour; b) G IQ THROT - the throttle 
torque command, which is a function of throttle position 
and vehicle speed; and c) G_10_BRAKE - the brake 
torque command, which is a function of brake pedal po- 
sition. The output of this diagram is G_10_SUM, the 
overall torque command based on vehicle speed, and 
both the throttle and brake torque commands. The major 
element of this method is contained within the regen/ 
creep cancel map C. 

[0018] The output of the regen/creep cancel map C, 
which is termed the "splitting factor 0 , is multiplied by the 
brake torque command, G_IQ_BRAKE. The resulting 
portion, GJQBRKREG, is termed the "brake regenera- 
tive component", and is used for brake regenerative pur- 
poses. The unused portion of GJQ_BRAKE, or 
G_IQ_BRAKE minus the absolute value of 
GJQBRKREG, is termed the "first creep cancel signal" 
and is used for brake creep cancellation purposes. This 
provides for smooth transitions between using brake 
torque for creep cancellation versus regen. 
[001 9] The first creep cancel signal is further modified 
by multiplying by a gain of 4 to allow the brake to quickly 
cancel the creep torque, producing the second creep 
cancel signal. The resulting value is then clamped or 
capped to the creep torque portion of the throttle torque 
command, G_IQ_CREEP, assuring that the brake por- 
tion used for creep cancellation only cancels the creep 
torque. The G_IQ_CREEP signal is termed the "creep 
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torque portion" of the throttle torque command. The 
lesser of the creep torque portion and the second creep 
cancel signal is selected in order to produce the creep 
cancellation component, labelled G JQCRPCAN in Fig- 
ure 2. This amount is then subtracted from the throttle 
torque request, G_IQ_THROT, resulting in the creep ad- 
justed torque, labelled ICLSUM1 in Figure 2. 
[0020] The creep adjusted torque, IQ_SUM1 , is then 
adjusted by subtracting the brake regenerative compo- 
nent, labelled GJQBRKREG in Figure 2, thus resulting 
in the torque sum, labelled G_IQ_SUM. 
[0021] The torque sum, GJQ_SUM, is then used to 
control the electric motor torque in the motor M. 
[0022] The regen/creep cancel map C shown in Fig- 
ure 2 contains many calibrations (identified in Figure 2 
as K_...) which allow it to be tuned to provide proper 
vehicle feel and operation. In transitioning from the 
creep region to the regen speed region, the output of 
this map is ramped from 0 to 1 , causing the brake torque 
command to be utilised for regen purposes, as opposed 
to creep cancellation. Transitioning from the regen 
speed region to the creep speed region creates an op- 
posite effect, as desired. Furthermore, if the vehicle be- 
gins to roll backward (i.e. transitions to the negative 
speed region), the output of this map C is ramped from 
0 to -1 . This causes the creep cancellation component 
to be reduced (which is also supported by clamping or 
capping to the creep torque portion G_IQ_CREEP), and 
causes the brake regen portion to have an additive ef- 
fect on the overall torque sum, GJQ_SUM. This causes 
the brake to have a positive effect on keeping the vehicle 
from rolling backward, and actually assists the mechan- 
ical brakes in doing so. Hysteresis is used in both curves 
on this map to prevent the transitioning from creating 
vehicle oscillations. 

[0023] This method has been applied to the control 
system of an electric vehicle, and has proven to be suc- 
cessful in both driver feel and electrical operation, on 
both flat surfaces and various inclines. 



Claims 

1 . A method of controlling electric motor torque in an 
electric vehicle for improved vehicle performance 
and energy conservation, the method comprising: 



on the torque sum. 

2. A method as claimed in claim 1 , wherein said step 
of splitting the brake torque request comprises mul- 
5 tiplying the brake torque request by a splitting factor 
generated by a splitter map based upon vehicle 
speed, thereby producing the brake regenerative 
component. 

10 3. A method as claimed in claim 2, wherein said step 
of splitting the brake torque further comprises: 

subtracting an absolute value of the brake re- 
generative component from the brake torque 
15 request to produce a first creep cancel signal; 

multiplying the first creep signal by a gain factor 
to produce a second creep cancel signal; 
determining a creep torque portion of a throttle 
torque command; and 
20 selecting the lesser of the creep torque portion 

and the second creep cancel signal to produce 
the creep cancellation component, thereby as- 
suring that the creep cancellation component 
only cancels creep torque. 

25 

4. A method as claimed in claim 1 , wherein said step 
of adjusting the throttle torque request comprises: 

subtracting the creep cancellation component 
30 from the throttle torque request to produce a 

creep-adjusted torque; and 
subtracting the brake regenerative component 
from the creep-adjusted torque to produce the 
torque sum. 

35 

5. A method as claimed in claim 2, wherein said step 
of multiplying the brake torque request by a splitting 
factor generated by a splitter map comprises select- 
ing a splitting factor between 1 and -1 from a splitter 

40 map based upon a map curve having positive and 
negative calibrated hysteresis portions. 

6. A method of controlling electric motor torque in an 
electric vehicle for improved vehicle performance 

45 and energy conservation, the method comprising: 

receiving a throttle torque request; 
receiving a brake torque request; 
sensing the speed of the vehicle; 
splitting the brake torque request into a creep 
cancellation component and a brake regenera- 
tive component by multiplying the brake torque 
request by a splitting factor generated by a 
splitter map based upon vehicle speed, thereby 
producing the brake regenerative component; 
adjusting the throttle torque request based up- 
on the creep cancellation component and the 
brake regenerative component to produce a 



receiving a throttle torque request; 
receiving a brake torque request; 
sensing the speed of the vehicle; 50 
splitting the brake torque request into a creep 
cancellation component and a brake regenera- 
tive component; 

adjusting the throttle torque request based up- 
on the creep cancellation component and the 55 
brake regenerative component to produce a 
torque sum; and 

controlling the electric motor torque based up- 
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torque sum; and 

controlling the electric motor torque based up- 
on the torque sum. 

7. A method of controlling electric motor torque in an s 
electric vehicle for improved vehicle performance 
and energy conservation, the method comprising: 

receiving a throttle torque request; 
receiving a brake torque request; 10 
sensing the speed of the vehicle; 
splitting the brake torque request into a creep 
cancellation component and a brake regenera- 
tive component; 

subtracting the creep cancellation component 15 
from the throttle torque request to produce a 
creep-adjusted torque; 

subtracting the brake regenerative component 
from the creep-adjusted torque to produce a 
torque sum; and 20 
controlling the electric motor torque based up- 
on the torque sum. 
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